The ecological model of disaster management provides a framework to guide occupational health nurses who are developing disaster management programs.This ecological model assumes that disaster planning, preparedness, response, and recovery occur at various levels of the organization. These nested, increasingly complex organizational levels include individual and family, workplace, community, state, tribal, federal, and global levels. The ecological model hypothesizes that these levels interact and these dynamic interactions determine disaster planning, preparedness, response, and recovery outcomes. In addition to the features of the hazard or disaster, it is also assumed that parallel disaster planning, preparedness, and response elements, logistical challenges, and flexibility, sustainability, and rehabilitation elements occur at each level of the ecological model. Finally, the model assumes that evaluation of response and recovery efforts should inform future planning and preparedness efforts.
of disasters, no systematic efforts to conceptualize and create a model or framework emphasizing the interplay of the various systems and organizations affected during the disaster cycle have been undertaken (Jennings-Saunders, 2004; Veenema, 2007; Wisner & Adams, 2002 ). The ecological model described in this article provides both general and specific examples of disaster planning, preparedness, response, and recovery. It emphasizes specific factors to be considered when implementing disaster management programs in the occupational setting.
The first section of this article describes generic features of ecological models. Next, an ecological model for all phases of disaster management is proposed. Applications of the ecological model to both general and specific disaster scenarios are presented with an emphasis on the interactions among various organizational levels, including the workplace. Finally, limitations and strengths of the ecological model of disaster management are considered.
ECOLOGICAL THEORY AND THE ECOLOGICAL MODEL OF DISASTER MANAGEMENT
The basic premise of ecological theory is that systems are dynamic, in flux, and "everything is connected to everything else" (Salazar & Beaton, 2000, p. 471) . Bronfenbrenner (1977) argued that human relationships and interactions can be understood within an ecological context conceptualized as various levels or layers of increasing organizational complexity. Researchers have applied the ecological approach to workplaces and communities as a way to describe and understand complex human behavior (McLeroy, Bibeau, Steckler, & Glanz, 1988; Salazar & Primomo, 1994) .
Ecological models consist of a nested or layered arrangement of successive structural levels. In the proposed model, these layers represent the various organizational levels of disaster management. The proposed ecological model of disaster management emphasizes the systemic and mutual interconnectedness of the various levels of disaster management during each phase of the disaster cycle and illustrates how the work organization fits into the larger structure ( Figure) . In contrast to a "silo" orientation where disaster planning, preparedness, response, and recovery efforts occur independently at various levels, the ecological model suggests that disaster management must occur at various organizational levels that are mutually interdependent. For this reason, it is essential that workplace emergency planning efforts occur with a recognition of, and in concert with, other levels of the ecological model, especially with the family and community levels of disaster management. The ecological model in the Figure assumes that each disaster management planning, preparedness, response, and recovery level is nested within increasingly more complex organizational and contextual levels. According to this conceptualization, each layer of the ecological model of disaster management, and ultimately the effectiveness of the di-472 saster management efforts, depends on the functional interactions among the various organizational levels (Bronfenbrenner, 1977; McLeroy et aI., 1988; Salazar & Beaton, 2000) . Although this model assumes that every disaster management organizational level interacts with every other level, it also assumes that the mutual interactions are strongest between those most proximal nested level(s).
OVERVIEW OF THE LEVELS OF THE ECOLOGICAL MODEL OF DISASTER MANAGEMENT
The various levels of this ecological model of disaster management are initially described in general terms and the various elements of disaster management are described within the context of this model. Some specific exemplars of these ecological levels in terms of various hazards are also offered. At the same time, the interactions and mutual interdependencies of the various ecological levels of this disaster management model are highlighted, including the workplace organizational level. Planning, preparedness, response, and recovery elements as well as factors affecting the response and recovery phases of this model are also considered within the context of this ecological framework.
Individual and Family System Level
In addition to developing disaster management programs, occupational health nurses should educate workers about preparedness at all levels. This section describes some basic strategies workers can apply in their homes. Most preparedness agencies recommend that individuals and families develop their own disaster plans and compile resources ("disaster kits") to survive on their own for 3 to 7 days. Further, disaster planners recommend that families draw up formal escape and evacuation plans and practice them (Washington State Department of Health [WADOHj & Washington Military Department [WMDj, 2(05) .
In the case of a potential influenza pandemic, individuals and families should also practice basic hygiene (i.e., regular handwashing and covering their cough) to slow or eliminate the spread of this respiratory viral infection (WADOH, 2(07) . Some planners even recommend disaster-specific annexes for family plans (i.e., "shelter-in-place" in response to a chemical or biological event) (American Red Cross, 2004) . The degree to which individuals and families plan for and heed these recommendations dramatically impacts the disaster response at the workplace and community levels of the ecological model. A survey conducted in the aftermath of the 2004 hurricane season in Florida documented that nearly half (48.7%) of all residents had no evacuation plan before any of the four storms (Centers for Disease Control and Prevention,2004) .
To provide another concrete example of the interaction between ecological levels, if health care providers know their families' safety is at risk because of a community-wide disaster, they may be unwilling to report to work at their agencies, adversely affecting the capacity and capability of their facilities' disaster response (Landesman et al., 2(01) . One of the current U.S. Department of Health and Human Services (2008) planning assumptions is that in a severe pandemic, workplace absenteeism attributable to personal illness, the need to care for ill family members, or fear of infection may reach 40%. These factors have numerous implications for the workplace, including the need for continuity of operations planning (Federal Financial Institution Examination Council Development Agency, 2003) .
Another important aspect of the individual level of disaster preparedness and response addresses the organization's ability to provide assistance during the immediate NOVEMBER 2008, VOL. 56, NO. 11 BUSINESS AND LEADERSHIP post-disaster phase. One clear lesson learned from prior disasters is that true first responders are often the disaster survivors themselves (Auf der Heide, 1989) . Individuals who possess first responder and emergency medical skills (e.g., first aid and cardiopulmonary resuscitation) may provide aid to their own family members. Thus, this model is useful in understanding how individual and family actions augment the workplace and community levels of the disaster response.
Workplace Level
The workplace, hospital, school, or community organization is the next level of the ecological model of disaster management. At this level, the focus is on the workplace, employees, and facilities. In educational settings, organizational plans and preparedness efforts should focus on the faculty, staff, and students (Beaton et al., 2(07) . For health care facilities, the focus is on health care workers, staff, and patients. Each workplace organization must have a disaster plan, evacuation routes, and disaster supplies (Occupational Safety and Health Administration, 2008; Wallace & Webber, 2(04). Disaster training at the workplace can enhance workers' skills (e.g., cardiopulmonary resuscitation or first aid), which can be a critically important asset in the immediate aftermath of a disaster. These skills would enable them to aid their coworkers, families, and other disaster victims in their communities (Auf der Heide, 1989). Also, corporations need to have disaster business continuity and recovery plans for economic, legal, and ethical reasons (Federal Financial Institution Examination Council Development Agency, 2(03) . Regional, community, and city recovery efforts in the aftermath of a disaster depend, to a significant degree, on the economic resilience of major employers (Loshbaugh, 2000) . If downstream job losses related to a disaster are significant and prolonged, the recovery of the disaster-affected community, community organizations, and individuals and families residing or working in that community will be adversely impacted.
The hospital is a special case of the ecological model workplace level. In any disaster with multiple casualties , the ability of nearby health care facilities to screen, triage, and treat disaster survivors , especially in the post-disaster surge, is critically important (The Joint Commission, 2(06). The impact of a disaster on the surrounding community will be greater if, as was the case with Hurricane Katrina, the disaster disrupts or curtails operations at one or more community health care facilities (Louisiana State University Hospital, 2007) . Likewise , the long-term loss of these facilities and personnel in the aftermath of certain disasters , such as Hurricane Katrina, may have an enduring adverse impact on the health and recovery of the entire community (Krane, DiCaro, & Kahn, 2007) .
Community Level
The work organization must be considered in the context of the larger community. The American Red Cross maxim that "All disasters are local" generally refers to the initial responsibilities of local cities, municipalitie s, or counties in which a disaster occurs (American Red Cross, 2007) . However, consistent with the ecological model, the individual and family and local workplace levels are nested within the more complex community, city, and county layer. Although certain disaster management efforts can probably best be approached at the community level, a concerted effort must also be made to encourage preparation and a partnership with individuals and families and community businesses and organizations. 
DISASTER PREPAREDNESS, PLANNING, RESPONSE, AND RECOVERY ELEMENTS
Preparedness, planning, response, and recovery elements of disaster management are now described. These elements or components refer to the disaster management structures and processes the occupational health nurse should be aware of and consider during each phase of the disaster cycle. The ecological model of disaster management also assumes that similar or parallel preparedness elements are present at each ecological layer and therefore need to be addressed at each level, including the workplace.
Pre-event Planning Elements
An inclusive planning process requires that all involved parties participate in planning so that understanding, agreement, and consensus among participant groups or agencies regarding the need for and goals of a particular disaster plan can be established. For example, an inclusive workplace disaster plan should involve leaders, rank and file, and key representatives from all business divisions, sectors, or facilities as well as union representation.
As part of the planning process, potential hazards (i.e., situations or events that pose danger and the potential for a disaster) for relevant organizational levels should be identified. These hazards may be natural, technological, or human-caused (Hau, 2006) . Certain individuals, property, facilities, or communities may be more vulnerable to a particular hazard and this also needs to be assessed and considered as part of the planning process (Landesman, 200 I) . For example, children and the elderly are more vulnerable to environmental cold and hypothermia (Hofen, Karren, & Mistovich, 1996) . In any large workplace, pregnant women are a vulnerable employee population at disproportionate risk for the harmful effects of some hazards (James, 2(05).
An all-hazards approach to disaster management is a framework for disaster preparedness that incorporates similar elements for all major types of disasters to maximize resources and other planning elements (Federal Emergency Management Agency, 1996) . For example, a family disaster kit should include supplies needed to prepare for and respond to most types of disasters. Disaster plan annexes are agent-or hazard-specific approaches to disaster planning so that agents or hazards with relatively unique features (e.g., a radiological emergency) are also included in comprehensive planning efforts. For example, to prepare for a radiological emergency, a workplace disaster plan should include plans to shelterin-place or, depending on the radiologic emergency, plans to evacuate (American Red Cross, 2004) .
Preparedness Elements
A key preparedness element is mitigation (i.e., measures taken to reduce or potentially eliminate a hazard as well as efforts to reduce the harmful impact of a particular hazard) (Federal Emergency Management Agency, 2(07). At the community level, this may include building codes designed to lessen the impact of earthquake or fire hazards (American Planning Association, 2(07). To provide a workplace example for a fire department, mitigation efforts might include mandated use of fireretardant materials in coats, gloves, and footwear used in fire fighting (National Fire Protection Association, 2000) . Logistical preparedness efforts include securing supplies and equipment needed to respond to hazards. At the individual and family level, these efforts might include stores of potable water and food sufficient to last for several days (WADOH & WMD, 2(05) . At the community level, this may mean ample rescue and fire equipment as well as trained per-NOVEMBER 2008, VOL. 56, NO. 11 BUSINESS AND LEADERSH IP sonnel and adequate hospital surge capacity (Voelker, 2(06) .
Planning and preparing for command, control, and communication during a disaster are integral features of the National Incident Management System, but they are also important preparedness elements at every level of the ecological model of disaster management (Department of Homeland Security, 2004) . For example, plans for communication between family members during and in the immediate aftermath of a disaster are essential, especially when family members are separated. Another important line of communication between the workplace or school and family members should be planned in the event of a disaster.
Finally, training, drills, and exercises are also essential pre-event preparedness activities. Family fire evacuation plans and routes should be practiced (National Fire Protection Association, 2(07). Health care facilities should test and evaluate their disaster plans regularly to maintain accreditation (The Joint Commission, 2006). Workplaces, too, must test and practice their emergency response plans (e.g., evacuation drills). Large-scale community and national disaster exercises such as the TOPOFF series are necessary to assess the preparedness and response elements at these organizational levels (Department of Homeland Security, 2(03). Important lessons can be learned from these exercises that, when evaluated, can be used to identify and correct disaster planning and preparedness deficiencies (Beaton et al., 2003; Beaton, Oberle, Wicklund, Stevermer, & Owens, 2004; Stergachis et al., 2(07) .
DisasterResponse Elements
An effective disaster response also depend s on post-disaster assessment, situational awareness, communication, coordination, collaboration, and command and control elements. These response elements occur at every level of the ecological model. The ecological model of disaster management also assumes that these disaster response elements should occur between and across (horizontally and vertically) organizational levels. For example, local, state, and federal disaster agencies responding to a particular disaster need to communicate efficiently to coordinate disaster response efforts. The National Incident Management System describes the multiagency coordination systems that define the interactive management component of disaster agencies engaged at the federal, state, local, and tribal levels (Department of Homeland Security, 2004) . The National Response Framework and the National Incident Management System also describe the emergency operations command and control roles and responsibilities of federal agencies (e.g., Department of Homeland Security and the Department of Health and Human Services) during a disaster response (Department of Homeland Security, 2004 , 2008 .
The ecological model of disaster management further assumes that flexibility at every level is a key element of disaster response and recovery efforts. Due to their complexity and the relatively unique characteristics of some disasters, flexibility, ingenuity, and imagination are often required. The alternative dogmatic approach ("plan-boundness") can derail even well-conceived and practiced disaster response and recovery efforts. The ecological model of disaster management also assumes that logistical elements of a disaster response can affect the outcome . For example , at the workplace level, logistical considerations may include access or lack of access to workplace disaster kits and first aid supplies during the response phase.
Finally, the ecological model also assumes that disaster response and recovery are influenced by various aspects of a disaster or hazard event itself (e.g., type, scope and severity) . For example, a radiological emergency that is either accidental or intentional may involve exposure or contamination issue s that are both short-term and longterm. A radiological emergency would also likely engender fear and 3 Occupational health nurses must consider how their workplace disaster management planning, preparedness, response , and recovery efforts dovetail with those that occur at the most proximal nested level of the ecological model : the individual and family and the community levels. 
Ecological Model of Disaster Management

CONCLUSION
Although an Institute of Medicine report adopted some of the principles of an ecological model in identifying various "actors" needed to promote and preserve health among Americans, this is apparently one of the first attempts to conceptualize the interactions of the various levels of disaster management within an ecological conceptual framework (Institute of Medicine, 2002) . This framework can be particularly useful for occupational health nurses as they develop a disaster management plan for their workplaces. It can assist them to think strategically and systematically about their roles as collaborators in a disaster situation
Disaster Management Evaluation Component
Incorporating features of the American Red Cross Disaster Cycle Model, the ecological model of disaster management also hypothesizes that evaluations of disaster response and disaster recovery efforts, such as formal After Action Reports and systematic "Lessons Learned modalities," provide valuable feedback that can influence and inform future disaster planning and preparedness efforts at every level (American Red Cross, 1993; Department of Homeland Security, 2003 .
STRENGTHS AND LIMITATIONS OF THE ECOLOGICAL MODEL
The ecological model of disaster management has been presented as a comprehensive systems model of disaster planning, preparedness, response, and recovery. This is one of the first attempts to systematically psychological stress in those who may have been exposed as well as potentially large numbers of "worried well" with little or no exposure (Beaton et aI., 2005) . Occupational health nurses must also understand the psychosocial effects of disasters, especially human-caused events , on their employees and leaders (Beaton & Murphy, 2002) .
1
According to the ecological model of disaster management, disaster planning, preparedness, response, and recovery efforts occur at the individual and family, community, state. tribal, federal, and global levels. These levels of disaster management interact with the workplace and other levels and these dynamic interactions determine the planning, preparedness, response, and recovery outcomes.
2
Occupational health nurses must understand this broader perspective to develop disaster management plans for and in their workplaces. This framework helps occupational health nurses think strategically and systematically about their role as disaster planners and collaborators, examining the multiple dimensions that must be considered in disaster planning and preparedness.
Disaster Recovery Elements
Disaster recovery efforts are hypothesized to be influenced by sustainability and rehabilitation elements. At the federal level, the sustainability elements might include the ability to provide shelter for disaster victims during any prolonged recovery effort. At the community level, rehabilitation might include long-term recovery projects designed to rebuild a community'S infrastructure or to return business activity and employment to pre-disaster levels.
and it provides a way to examine the multiple dimensions that must be considered when planning for a disaster. The model hypothesizes that each of the nested layers of organizational complexity, including the workplace level, interacts with every other level within the ecological model and most strongly with those most proximal nested levels. Furthermore, the ecological model of disaster management proposes that similar or parallel planning, preparedness, recovery, and processes occur at every level from the individual and family to the workplace to global across all phases of the disaster cycle. The ecological model of disaster management addresses most of the planning, preparedness, response, and recovery processes and structures described in the National Response Framework and the National Incident Management System and, at the same time, is broader in scope. 
